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FOREWORD

1. This mlitary standard (ML-STD) is approved and nandatory for use
by all Departnments and Agencies of the Departnent of Defense in
accordance with DOD Directive (DODD) 4640.11, dated 21 Decenber 1987

2. Beneficial comrents (recommendations, additions, deletions) and
any pertinent data which may be of use in inproving this document
shoul d be addressed to: Joint Tactical Command, Control and Communi -
cations Agency, Washington O fice, ATTN. Standards Managenent and
Integration Directorate, C3A-ADWS, 11440 |saac Newton Square, North,
Reston, VA 22090-5006, by using the self-addressed Standardization
Docunent | nprovenment Proposal (DD Form 1426) appearing at the end of
this docunent, or by letter.

3. Oiginally, Mlitary Standard 188 (M L-STD 188) covered tactica
and | ong haul conmunications systemtechnical standards, but later
evol ved into a docunment applicable to tactical conmunications only
(M L- STD- 188C) .

4. The Defense Communi cati ons Agency (DCA) published OCA Circul ars
promul gati ng standards and engineering criteria applicable to the |ong
haul Defense Communi cations System (DCS) and to the technical support
of the National MIlitary Command System ( NMCS).

5. As a result of a Joint Chiefs of Staff (JCS) action, standards for
all mlitary comruni cations are now being published in a M L-STD- 188-
100 series covering commopn standards for tactical and | ong haul com
muni cations, a M L-STD 188-200 series covering standards for tactica
comuni cations only, and a M L-STO 188-300 series covering standards
for long haul comunications only. Enphasis is being placed on devel -
opi ng common standards for tactical and | ong haul comuni cati ons
publ i shed in the ML-STD 188-100 series.

6. Thi s standard contains technical parameters for digital facsimle
equi pnment used in tactical and |ong haul conmunications. The para-
met ers contained herein are consistent with the mandatory paraneters
of North Atlantic Treaty Organi zation (NATO) Standardi zati on Agreenent
(STANAG) 5000 and International Tel egraph and Tel ephone Consultative
Committee (CCITT) Group 3 equipnent.

7. Thi s docunent provi des mandatory standards for planning, engineering,
procurement and use of digital facsimle equi pment capabilities for DOD
comuni cati ons systens.



SPECI AL CONSI DERATI ONS

1. M L- STD- 188-161B is being issued to mmke optional certain previousy

mandat ory requirements which were necessary for DOD w de users. The

standard clarifies the requirements and application, allowing for tailoring of
requirements to satisfy specific user needs. Departnent of Defense Directie

(DODD) 4640.11, Mandatory Use of Standards in the ML-STD- 188 Series, mandates
the use of standards in the ML-STD- 188 series. However, the directive als®

requi res adherence to the policies in DODD 5000.43, Acquisition Streaniining.

DODD 5000.43 states only applicable standards are to be used and thos

standards nust be tailored in order to invoke only those requirenments which are
suitable for the user.

2. The follow ng gui dance is provided for your use:
a. Uncl assified operations: Users that do not need to sed
classified infornmati on owr facsinile equipnent, recomend the CCITT G oup 3

anal og out put nachi ne.

b. dassified operations: Users who require the transmttal of classifie

information, reconmend a Type | and/or Type Il digtal output facsimle nachine.
For information, a dual-node facsinile nmachine which contains Type | and/or Type
Il and CCITT Goup 3 protocols still satisfy unclassified and classifid

operati ons.

C. Users mnust understand that this standard covers the m nimm
requirenents. A user nust consider the followi ng, prior to purchasing fasimle
equi prrent :

(1) Interoperability between U.S. and Allied forces, &
required.
(2) Transm ssion rates required to support all phases d

operational requirements (peacetine through war, tactical, and NATO STANAG000).
(3) Mul ti page requirenents.
(4) Forward error correction.
(5) Cl assified and uncl assified processing.

(6) The type of cryptographic equipnent being used with tl
facsini |l e equi pnent.



(7) Resol ution requirements (low, medium and high).

(8) Unconpressed node requirenents (to accomodat e noi sy
circuits).

(9) Backward conpatibility requirenents to interoperate wth
exi sting facsinile equipnent.

NOTE: See Sections 1 and 6 for further guidance.

3. For sone specific facsimle applications, some or all requirenments of this
standard nay not be appropriate. If a waiver to any of the requirements is
desired, a request with cetailed justification nust be forwarded to the JTC3A
(Joint Tactical Conmmand, Control and Conmuni cations Agency), ATTN. Standard
Managenent and Integration Directorate, C3A-ADWS, 11440 |saac Newt on Square,
Nort h, Reston, VA 22090-306 for inter-DOD conponent systens and equi pnent, and

to the head of the DOD cawponent for intra-DOD conmponent systens and equi prment,
providing a copy to the JTC3A.



| NTERNATI ONAL STANDARDI ZATI ON AGREEMENT

Certain provisions of this standard are the subject of internationa
standardi zati on agreenment STANAG 5000. When anendnent, revision, or cancelation
of this standard is proposed which will nmodify the international agreemen
concerned, the preparing activity wll take appropriate action throud
i nternational standardization channels i ncl udi ng departnmental standardzation

of fices to change the agreement or make ot her appropriate accomodati on.
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1. SCOPE

1.1 Purpose. The purpose of this document is to establish, in the nost
econom cal manner, interoperability and performance paraneters necessary
to ensure interoperability anpng |ong haul and tactical digital facsimle
equi pment. The technical parameters established by this docunent represent
a set of minimuminteroperability and performance characteristics, which
may be exceeded to satisfy specific requirenents.

It is not the purpose of this docunent to serve as a stand-al one,

compr ehensi ve reference containing all technical parameters and other
details required for the design of new equi pment or the preparation of
specifications. Therefore, paraneters for such itens as size and weight
limtations, connectors, cable assenblies, or power supplies are not con-
tained in this document. These paraneters and ot her design details have

to be established, based on specific requirenments, and have to be carefully
tailored in accordance with the policies of Departnment of Defense Directive
(DODD) 5000. 43.

It is not the purpose of this docunent to inhibit advances in comunica-
tions technol ogy. Such advances are facilitated by not specifying the
technol ogy that should be used in the design and devel opment of digita
facsinmle systens to nmeet the required standards.

1.2 Content. This standard provides technical interoperability and
performance paranmeters for two forms of digital facsimle equipnent. The

first formis designated Type | and/or Type Il, which are interoperable
with Type | and Type Il NATO tactical digital facsinile equipnent
respectively, and provide a digital output signal. The second formis

designated CCITT Group 3 facsimle equipnment in accordance with Federa
I nformation Processing Standard (FIPS) 147 and FIPS 148, and provi des an
anal og out put signal.

1.3 Applicability. This standard is mandatory within the Departnment of
Def ense (DOD) in the design, devel opment, and acquisition of facsimle
equipment. It is not intended that existing equi prent and systens be

i medi ately converted to conply with the provisions of this standard.
New equi prent and systens and those undergoi ng maj or nodification or
rehabilitation shall also conformto this standard. |f deviation from
this standard is required, see waiver procedures contained in Departnent
of Defense Directive (DODD) 4640. 11.

1.3.1 Application guidance. Application of this standard shall be
tailored in-accordance with DODO 5000.43. Based on identified
requi rements, the follow ng applies:

(1) Facsimle equipment designated for only digital output shall, at
a mninmum be interoperable with Type | and/or Type Il requirenents.



* %k F

* %k F

* % 3k X X X

(2) Facsimle equiprment designated for only anal og output shall, at a
m ninum be interoperable with CCITT Group 3 (FIPS 147 and FI PS 148)
requirements.

(3) Facsimle equiprment designated for both digital and anal og out put
shall, at a minimm be interoperable with both Type |I and/or Type 11 (See
sections 4 and 5) and CCITT G oup 3 (FIPS 147 and FIPS 148) requirenents.

(4) When a CCITT Group 3 analog output facsimle requires interface
with a digital output facsimle, that interface shall, at a mninmm be
i nteroperable with the Type | and/or Type Il requirenents.

1.4 System standards and design objective The paranmeters and other
requi rements specified in this docunent are mandatory system standards if
the word "shall" is used in connection with the parameter value or require-
ment under consideration. Nonmandatory design objectives are indicated in
parent heses after a standardi zed paraneter value or by the word "should" in
connection with the paraneter value or requirement under consideration.

* For a definition of the terms "system standard" and 'design

obj ective" see

*

FED- STD- 1037.
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* 2. APPLI CABLE DOCUMENTS

2.1 Governnent docunents

2.1.1 specifications, standards, and handbooks The foll ow ng speci -
fications, standards, and handbooks form a part of this document to the
extent specified herein. Unless otherw se specified, the issues of

t hese

documents are those listed in the issue of the Department of Defense

I ndex

of Specifications and Standards (DODI SS) and suppl ement thereto, cited
in

the solicitation.

Federal standards
FED- STD- 1037 G ossary of Tel ecommuni cati om Ter ns

FI PS 147 Group Il Facsimle Apparatus for Document
Transni ssion (Note: DOD Adopted)

FI PS 148 Procedures for Docunent Facsim|le Transni s-
sion (Note: DOD Adopted)

Mlitary standards

M L- STD- 188- 100 Common Long Haul and Tactical Comrunications
Systenms Techni cal Standards

M L- STD- 188- 114 El ectrical Characteristics of Digital Inter-
face Circuits

M L- STD- 461 El ect romagneti ¢ Em ssion and Susceptibility
Requi rements for the Control of Electro-
magnetic Interference

I nt ernati onal standards

STANAG 5000 Interoperability of Tactical Digital
Facsi m | e Equi pnent

(Unl ess otherw se indicated, copies of federal and military

speci fications,

st andards, and handbooks are avail able from Standardi zati on Docunent
Or der

Desk, 700 Robbins Avenue, Building 4, Section D, Philadel phia, PA,
19111.)

(Copi es of Federal Information Processing Standards (FIPS) are avail able
to Departnent of Defense activities fromthe Conmanding Officer, Naval
Publ i cati ons and Forms Center, 5801 Tabor Avenue, Phil adel phia, PA
19120-5099. Ohers nmust request copies of FIPS fromthe National
Technical Information Service, 5285 Port Royal Road, Springfield, VA
22161-2171.)



2.1.2 Oher Governnent docunents, draw ngs, and publications The
foll owi ng ot her Government docunents, draw ngs, and publications forma
part of this standard to the extent specified herein. Unless otherw se
specified, the issues are those cited in the solicitation.

* % %k Ok

*

NTI SSI 7000 TEMPEST Count er measures for Facilities
(U) (SECRET)

DODO 5000. 43 Acqui sition Streanlining

* DODO 4640.11 Mandat ory Use of Mlitary Telecomunica-
tions Standards in the ML-STD 188 Series

*

(Copi es of specifications, standards, draw ngs, and publications
required by contractors in connection with specific procurenment func-
tions should be obtained fromthe procuring activity or as directed by
the contracting officer.)

* % %k Ok

* %

(Copies of DOD Directives are available fromthe Standardization
Docunent Order Desk, 700 Robbins Avenue, Building 4, Section D
Phi | adel phia, PA, 19111.)

2.2 Non- Goverhnent publications The follow ng documents form a part

of this standard to the extent specified herein. Unless otherw se speci
fied, the issues of the docunents which are DOD adopted are those listed in
the issue of the DODISS cited in the solicitation. Unless otherw se
specified, the issues of docunments not listed in the DODI SS are the issues
of the docunents cited in the solicitation.

* I nternational Tel egraph
and Tel ephone Consultative
Committee (CCITT)

* CClI TT Reconmendation T.4 St andar di zati on of Group 3
Facsimle
Apparatus for Document Transni ssion

* CCI TT Recommendati on T. 30 Procedures for Docunment Facsimle
Transm ssion in the General Sw tched
Tel ephone Net wor k

(Applications for copies should be addressed to the U S. Departnent of
* Comrerce, National Technical Information Service, 5285 Port Royal Road,
* Springfield, VA 22161.)
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(Nongover nnent standards and other publications are normally avail able

fromthe organi zations that prepare or distribute the documents. These
documents al so nmay be available in or through libraries or other infor-
national services.)

2.3 Oder of precedence In the event of a conflict between the text
of this standard and the references cited herein, the text of this
standard takes precedence. Nothing in this standard, however, super-
sedes applicable | aws and regul ati ons unl ess a specific exenption has
been obt ai ned.
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3. DEFI NI TI ONS

3.1 Ternms. Definitions of terns used in this document shall be as
specified in the current edition of FED STD-1037. In addition, the
following definitions are applicable for the purpose of this standard.

3.1 1 Type | facsinile equipnment. Facsimle equipment, as defined in
thii standard, which provides for the transnission and reception of black
and white information, is called Type | facsinmle equipment.

3.1.2 Type Il facsinile equipnent. Facsinmile equipnent, as defined in
this standard, which provides for the transnission and reception of G ay
scale information, as well as black and white information, is called
Type Il facsimle equiprment.

3.1.3 CCTT Goup 3 facsinile equipnent. Facsinile equipment which
provides for the transm ssion and reception of black and white information
as defined in CCITT Recomrendations T.4 and T.30 (FIPS 147 and FI PS 148).
(This is an abbreviated definition for conparison with Type | and Type |
definitions given above. For the conplete definition, see FED STD 1037.)

3.1.4 Digital facsinile equi pnent. Facsimle equi pnent that enploys
digital techniques to encode the i mage detected by the scanner.

3.2 Type | and Type Il facsimle node definitions

3.2.1 Non-handshake mpde. | n non-handshake node no handshake is
exchanged between the transmtting and receiving facsinile.

3.2.2 Handshake node. In handshake node a handshake i s exchanged
between transmitting and receiving facsimles before black and white

or Gray scale information is sent. This is a normal nethod of operation
for CCITT Group 3 facsimle equipnment.
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4. GENERAL REQUI REMENTS

4.1 |Interoperability. The requirenents specified in this standard are
intented to ensure interoperability anong all Services and Agencies
within

the DOD. STANAG 5000 requirenments are specified for those DOD users who
require interoperability with our NATO alli es.

a. Digital signal output. Facsimle equipnment designated for
digital output shall, at a mninum conply with the requirenents
for Type | and/or Type |1, as stated herein. (These requirenents are
consi stent with STANAG 5000 paraneters.)

b. Anal og signal output. Facsimle equipnent designated for
anal og
out put shall, at a minimm conmply with CCITT Group 3 requirenments as

docunented in FIPS 147 and FIPS 148.

C. Dual node signal output. Facsimle equipment designated for
both digital and anal og output shall, at a mninmm conply with both
CCTT
Group 3 and Type | and/or Type Il requirenents as stated in
subpar agraphs a. and b., above.

d. CCITT Goup 3 interface for digital transm ssions. CCTT
G oup 3
anal og output facsimile equipment requiring a digital output shall at a
m ninum conmply with Type | or Type Il facsinile requirements contained
in
this standard.

4.1.1. Dual node protocols. Type | and/or Type Il protocols should
al ways

be used between terminals inplenenting both CCITT Goup 3 and Type
and/ or

Type Il protocols. Receiving dual nmode term nals shall be capabl e of
recogni zing and differentiating between CCITT Group 3 and Type | and/or
Type Il transm ssions.(Note: There is no requirenent for the CCITT G oup
protocols and Type | and/or Type Il protocols to interoperate.)

4.1.2. Facsinile security. Wen facsinmile equipnent is used for
processing classified inftrmation, such equi pment shall not all ow
classified traffic to pass to the outside world through an unsecured
pat h.

4.2 TEMPEST. The facsinmle equipment, when provided for secure opera-
tions, shall neet the applicable requirenents of National Telecom

muni cations and Information Systens Security Instruction (NTISSI)
7000( V)

( SECRET) .

4.3 NATO interoperability. When NATO interoperability is required
bet ween

facsinm |l e equipnments with digital signal outputs, then the equi pnent
shal |

conformwi th NATO STANAG 5000







5. DETAI LED REQUI REMENTS

*

* 5.1 General. This section includes detailed requirements for Type

* and Type 11 digital facsimle equipnent. To obtain detailed informtion

* on CCITT Group 3 analog facsimle equipnent refer to FIPS 147 and 148

* 5.1.1 Transnmission rates. The facsimle equipnment, excluding the
nodem
shall be able to operate bit-by-bit asynchronously at data rates of
2400 bits per second, 4800 bits per second, and 9600 bits per second,
with

* timng provided by an external clock. Additional standard rates
specified

* in ML-STD 188-100 may be inplenented as required. NATO

i nteroperability
requires 2400 bits per second and 16,000 bits per second, as per
STANAG 5000.

5.1.2 Digital interfaces. The electrical characteristics of all digital
interfaces for data, control, and timng signals shall conply with the
applicable requirenents as stated in ML-STO 188-114.

5.1.3 Interchange circuits. The interchange circuits shown in table |I are
mandatory. Other circuits nmay be provided for specific applications.

Table I. Functional interchange circuits.

arcuIt DIRECTION
REQUEST TO SEND - FROMDTETO DCE |
CLEAR TO SEND FROM DCE TO OTE
RECEIVE INPUT CONTROL | FROM DTE TO DCE
SEND DATA FROM DTE TO DCE
RECEIVE DATA FROM DCE TO DTE
SEND TIMING FROM DCE TO OTE
RECEIVE TIMING FROM DCE TO DTE
LOSS OF SYNC FROM DTE TO DCE
SEND COMMON RETURN
RECEIVE COMMON RETURN
SIGNAL GROUND GROUND

5.1.4 Synchronization code words and signaling sequences The code words
and signaling sequences used in Type | and Type |l facsinle are defined in
table I1I.

5.2 Type | facsinmle equipnent.

5.2.1 |lnmage paraneters

5.2.1.1 Tolerance. The tolerance for the imge paraneters listed in
subparagraphs 5.2.1.2 and 5.2.1.3, shall be I percent.



* 5.2.1.2 Scan line length The scan line length shall be 215 millineters

(mm).

5.2.1.3 Resolution. The facsinile equipnment shall inplenment the nedium
resolution. The I ow and high resolutions are optional. They are:

* %

a. Medium 3.85 lines per mm (vertical) by 1728 bl ack and white
picture elements (pels) along the horizontal scan line. (Note: This is a
nom nal nediumresolution of 100 by 200 |ines per inch.)

b. Low 3.85 lines per mm (vertical) by 864 black and white pels
al ong the horizontal scan line. (Note: This is a nominal |ow resolution
of 100 by 100 lines per inch.)

c. Hagh. 7.7 lines per mqm (vertical) by 1728 pels along the hori -
zontal scan line. (Note: This is a nom nal high resolution of 200 by 200
I ines per inch.)

5.2.1.4 Scanning direction Scanning direction shall be fromleft to
right and fromtop to bottom

5.2.1.5 Scanned line transm ssion time The m ni mum scanned |ine

transmission tine shall be 20 nmilliseconds (msec).
5.2.1.6 Contrast levels. The contrast |levels shall be black and white.
5.2.2 Docunent dinensions. Input of documents up to a nmaxi num of 215 mm

wi de by 1000 nm |l ong shall be accepted. Docunments up to 230 nm wi de may be
accepted into the scanner but only 215 nm of the docunent shall be scanned.

5.2.3 1mage coding nodes. The facsimle equipnent shall inplement the
compressed nmode and conpressed with forward error correction nmode. \When
NATO tactical interoperability is required, the facsimle equi pment shal
al so i npl ement the unconpressed node. (Sinplified block diagrans
reflecting the i mage codi ng nodes are shown in Appendi x B.)

* %k 3k 3k *

5.2.3.1 Unconpressed node. In the unconpressed node, facsinile data shal

be transmitted pel by pel, with logic 1 representing black. Each |ine of

t he output data shall consist of a synchronization code followed by a
nunber of pels as specified in subparagraph 5.2.1.3. The synchroni zation
code shall be a sequence of two So code words.

5.2.3.2 Conpressed node. |In the conpressed node, facsimle data shall be

transnmitted after conpression by the redundancy reduction algorithm A
line of data shall be conposed of a series of variable |length code words.
Each code word represents a run-length of either all white or all black.
VWhite runs and black runs shall alternate. Al data lines shall begin with

10



TABLE II. Code words and signaling sequences for Type I and Type II.

Name Make Up

Beginning of Intermediate |00000000000000011
Line Pair (BILP)

(BBe im)\ing of Line Pair 00000000000000010

LP

End of Line (EOL) 000000000001

End of Message (EOM) 16 consecutive S1 code words

Not End of Message (EOM) |16 consecutive inverted Sq
code words

Return to Control (RTC) EOL EOL EOL EOL EOL EOL

Start of Message (SOM) S1 S¢ X clock periods Sg S4
, (Where X is the number of
clock periods between the
pairs of code words)

So 111100010011010

Sq 111101011001000

Fill Variable length string of 0s
Stuffing Variable length string of 1s
Preamble Variable length string of all 1s

or all Os




a white run-length code word to ensure that the receiver maintains color
synchroni zati on. A white run-length of zero shall be sent if the actual scan
line begins with a black run. Black or white run-lengths, up to a maxi mum
l ength of one scanning line (1728 pels), are defined by the code words in
tables I'll and IV. The code words are of two types: termnating

scan line begins with a black run. Black or white run-lengths, up to a
maxi num | ength of one scanning line (1728 pels), are defined by the code words
in tables I'll and IV. The code words are of two types: term nating code
words and make-up code words. Each run-length shall be represented by either
one term nating code word, or one make-up code word followed by a termnating
code word.

5.2.3.2.1 Short runs. Run-lengths in the range of 0 through 63 pels shal

be encoded with the appropriate term nating code word. (Note: The bl ack
run-l ength code words and the white run-length code words are in separate
lists).

5.2.3.2.2 Long runs. Run-lengths in the range of 64 through 1728 pels
shall be encoded first by the nake-up code word representing the run-1length
which is equal to or shorter than that required. The make-up code word shal
be followed by the term nating code word representing the difference between the
required run-length and the run-length represented by the makeup code word.

5.2.3.2.3 End of line (EQL). The EOL code word shall follow each line of
facsinmle data. (Note: This is a unique code word that can never be found wi thin
a valid line of data. Therefore, resynchronization after an error burst is
possible.) In addition, the EOL code word shall al so be sent

prior to the first data line of a page.

5.2.3.2.4 Fill. Fill my be placed in the data flow to generate a pause.
Fill may be inserted between a line of data and an EOL, but never within a
line of data. Fill shall be added to ensure that the transmission time of each

total coded scan line is not less than the mninum To prevent pre- mature
di sconnects, the maxi mumtransm ssion tinme of any total coded scan

line should be less than the interval specified in the |oss of synchroni-
zation specifications. (Note: Fill format is a variable length string

of Gs.)

* 5.2.3.2.5 Return to control (RTC). A mninmumof two contiguous RTC
si gnal s shall be sent to indicate the end of message transm ssion.

(Note: Each RTC consists of six consecutive EOLS.) Follow ng the RTC
signals, the transnmtter shall send the post-nessage commands.

5.2.3.3 Conpressed with forward error correction |In the conpressed with
forward error correction node, facsimle data shall be further processed by

a channel coder and bit interleaving buffer to provide forward error

correction (FEC). The channel coder shall use a Bose Chandhuri Hocquenghem

12



TABLE III. Terminating codes.

White run length Code word Black run length Code word
0 00110101 0 0000110111
1 000111 1 010
2 o 2 )
3 1000 3 10
4 101 4 011
S 1100 S 0011
6 1110 6 0010
7 11 7 00011
8 10011 8 000101
9 10100 9 000100
10 00111 10 0000100
B 01000 11 0000101
12 001000 12 0000111
13 000011 13 00000100
14 110100 14 00000111
15 110101 15 000011000
16 101010 16 0000010111
17 101011 17 0000011000
18 0100111 18 0000001000
19 0001100 19 00001100111
20 0001000 20 00001101000
21 001011 21 00001101100
22 0000011 22 00000110111
23 0000100 23 00000101000
24 0101000 24 00000010111
25 0101011 25 00000011000
26 0010011 26 000011001010
27 0100100 27 000011001011
28 0011000 28 000011001100
29 00000010 29 000011001101
30 00000011 30 000001101000
3 00011010 3 000001101001
32 00011011 32 000001101010
33 00010010 33 000001101011
34 00010011 34 000011010010
35 00010100 35 000011010011
36 00010101 36 000011010100
37 00010110 37 000011010101
38 00010111 38 000011010110
39 00101000 39 000011010111
40 00101001 40 00001101100
41 00101010 41 000001101101
42 00101011 42 000011011010
43 00101100 43 000011011011
a4 00101101 a4 000001010100
45 00000100 45 000001010101
46 00000101 46 000001010110
47 00001010 47 000001010111
48 00001011 48 000001100100
49 01010010 49 000001100101
S0 01010011 S0 000001010010
) 01010100 S1 000001010011
52 01010101 52 000000100100
53 00100100 S3 000000110111
54 00100101 54 000000111000
S5 01011000 55 000000100111
56 01011001 56 000000101000
S7 01011010 57 000001011000
58 01011011 58 000001011001
59 01001010 59 000000101011
60 01001011 60 000000101100
61 00110010 61 000001011010
62 00110011 62 000001100110
63 00110100 63 000001100111

Note: These codes are identical to those of CCITT Recommendation T 4 of the Red Book.




TABLE IV. Make-up codes.
White run iength Code word Black run iength Code word
64 11019 64 0000001111
128 10010 128 000011001000
192 010111 192 000011001001
256 0110111 256 000001011011
320 00110110 320 000000110011
384 00110111 384 000000110100
448 01100100 448 000000110101
512 01100101 512 0000001101100
576 01101000 576 0000001101101
640 01100111 640 0000001001010
704 011001100 704 0000001001011
768 011001101 768 0000001001100
832 011010010 832 000001001101
896 011010011 896 0000001110010
960 011010100 960 0000001110011
1024 011010101 1024 0000001110100
1088 011010110 1088. 0000001110101
1152 011010111 1152 0000001110110
1216 011011000 1216 0000001110111
1280 011011001 1280 0000001010010
1344 011011010 1344 0000001010011
1408 011011011 1408 0000001010100
1472 010011000 1472 0000001010101
1536 010011001 1536 0000001011010
1600 010011010 1600 0000001011011
1664 011000 1664 0000001100100
1728 010011011 1728 0000001100101
EOL 000000000001 EOL 000000000001

Note: These codes are identical to those of CCITT Recommendation T.4 of the Red Book.
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(BCH) forward error correction code with the capability of correcting two
errored bits per block. Table V Iists the syndromes of the BCH code that shal
be used.

5.2.3.3.1 Encoder. An encoder shall be provided in the facsinmle trans-
mtter to encode the facsimle data using the BCH code. For information on
possi bl e inplementation of the encoder, see Appendi x B.

5.2.3.3.2 Decoder. A decoder shall be provided in the facsim|le receiver
to decode tEe received facsinile data. For information on possible inple-
ment ati on of the decoder, see Appendi x B.

5.2.3.3.3 Interleaving buffer. An interleaving buffer shall be used to
i nprove the error correcting capability of the channel encoder, especially
consi dering transmission bit errors clustered in bursts. The buffer shall be

a matrix of 63 x 5 = 315 bits. Figure 1 shows the interleaving buffer con
figuration on the transmitting side. (Note: The figure | abeling follows STANAG
5000 format, hence the long side of the matrix is designated N (N = 63) and
the short side is designated W(W= 5).) Data input shall be |ine-by-

line, data output shall be col um-by-colum. The data input sequence shal

be

DJ! Dll """ ’ QlSl D314'
Accordingly, the data output sequence shall be:
DJ! D631 D1261 D1891 D2521 Dl D64l L DI.BS! D25Il D314'

At the receiving side, the data input and data output sequence shall be the
reverse of the transmitting side (as shown in figure 2).

5.2.3.3.4 Synchronization. The transnmitting BCH encoder and interleaving
buf fer respectively shall be synchronized with the receiving BCH decoder and
interleaving buffer, before starting the transmi ssion of encoded facsinile
data. The FEC control block shall be the synchronizati on SOM sequence when the
BCH- encoder and interleaving buffer are used. Figure 3 illustrates the
format for the synchronization SOM sequence. The synchronization process
shall be as follows:

a. The transmtter shall send the synchronizati on SOM sequence w t hout
usi ng the BCH-encoder and interleaving buffer. Imediately after the
synchroni zati on SOM sequence, the transmtter uses the BCH-encoder and inter
| eaving buffer to send encoded facsinile data.

b. At the receiver, the incom ng signal shall be initially nonitored
bit - by- bit without using the BCH decoder and interleaving buffer. \When the
* first synchronization SOM sequence is detected, synchronization is achieved
* and, thereafter, the BCH-decoder and interleaving buffer shall be used.
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Syndromes of the BCH decoder.

TABLE V.
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Bl ock synchroni zation can be achieved at any of the three points illustrated
in figure 3. After the detection of any bl ock synchronization point,

i nconm ng data shall pass through the BCH-decoder/corrector and the inter-

| eaving buffer to the facsinm | e decoder.

* % %k Ok

5.2.4 Loss of synchronization |In the event of the |loss of the synchroni-
zation signal, the receiver shall be capable of detecting |oss of synchroni-
zation. At any tine follow ng detection of the first synchronization signal,
the receiver shall declare a |oss of synchronization if a Iine synchroniza-

tion code or an EOM has not been detected within a tine-out period. This
period shall be sufficiently long to preclude false declaration of |oss of
synchroni zation. The signal indicating the |loss shall be an "on H state, as
def|ned by M L-STD- 188-114, applied to the loss of synchronization inter-

change circuit. |In addition, criteria for declaring |oss of synchronization
* based on incorrectly decoded lines, nay be applied. (Note: |Inplementation
* of this feature is a performance factor and does not bear directly on inter-
* operability. )

5.2.5 Signaling protocols. Signaling protocol frames shall be used to
coordi nate message transm ssion. The parameters to be used for each trans-
m ssion shall be signaled to the receiver using SOM frames and the term na-
tion of the facsimle transm ssion shall be signaled by an EOM sequence. The
receive facsinmile shall be able to detect and correct inverted data.
(Note: The Type | and Type |l protocol signals have been specifically
desi gned to provide extremely high assurance of correct receiver operation
(automatic start, nmode setup, and autommtic stop) in error environments as
high as a 102 bit error rate (BER). This neans that a return acknow edgment
* is not necessary for the non-handshake node.)

* %k 3k 3k *

5.2.5.1 Protocol elenents and franmes

5.2.5.1.1 Synchronization code-words Two special synchronization code
words shall be used, in various conbinations, to generate all protoco

requi rements. The code words are designhated as So and SI. Each code word
shall be nade up of a 15-bit pseudorandom noi se (PN) sequence as shown in
table I. The composition of the protocol elenments in terns of the synchroni

zation code words shall be as shown in table VI. (Note: This lists the
probability of detection, B, of each protocol element in a noise environment

of 102 BER. All elements have detection probabilities in excess of

99.99 percent in this environnent.)

(Note: If either of the PN sequences (code words) are conpared, bit-by-

bit, with any cyclical shift of the sequence, the nunber of agreenents differs
fromthe nunber of disagreenments by one, except at the autocorrelation peak
where there are 15 agreements. Consequently, the correlation inprovenent for
exact synchronization is 15 to 1 for noise-free operation and is reduced by
one for every bit perturbed by noise. A significant correlation inprovenent

i s achieved, even in extrenely noisy environnents.)



TABLE VI. Protocol elements.
Protocol | Composition | P4 at 10-2 BER | Transmissions | ' Daetections
Element Required Required
SOM S1S0XSg S 0.99994S 3 1
EOM S4 0.99995 16 minimum 4 in sequence
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* % %k Ok

5.2.5.1.2 Start of nessage (SOM. Each SOM franme shall consist of two
pai rs of synchronizati on code words, § and S,, separated by an interva
measured in clock periods as shown in figure . The node shall be indi-
cated by the nunber of clock periods (X) between two pairs of code words.
The data bit corresponding to each of these clock periods clock shall be
logic 1. The binary value allocations for the cormmand SON frame shall be
as shown in figure 4. The value of X to denote the interoperability nodes
and the corresponding eight-bit binary designators shall be as shown in
table VII. The SON frame shall be transmitted three times but detection by
the receiver of any one frame shall be sufficient. Use of these signals is
described in paragraph 5.2.5.2.

Not e: The value of X can be calculated fromthe binary value allocations.
For exanple, to obtain the X value corresponding to black and white oper-
ation, a resolution of 3.85 lines/mMmtines 1728 pel s/scanline, and com
pressed node, assenmble the binary designator fromthe foll owi ng binary

val ue al |l ocati on:

00---001 bl ack and white
00-01--- 3.85 lines/nmx 1728 pel s/ scanline
000----- conmpr essed nmode

The binary designator 001001 is then converted to its deci mal equival ent,
9, to get the X val ue.

5.2.5.1.3 End of nessage (EOM. The EOM frame shall consist of at |east
16 S, code words transnmitted in sequence. When four consecutive $ code
wor ds have been detected by the receiver, EOM shall be decl ared.

5.2.5.2 Si gnal i ng_sequence and tim ng

5.2.5.2.1 Conpressed, forward error correction (FEC) not used Figure 5
ustrates-the signaling sequence for the conpressed node without forward
error correction. At the start of a nessage transnission, a short pattern
of data shall be sent for the purpose of establishing the data channel
(modem training, encryption synchronization, etc.). No constraint shal
be placed upon the duration of this phase, but the data transmtted shal
conformwith the definition of stuffing. Wth the data conmunication
channel established, the signaling sequence shall begin with at | east

16 inverted S code words. (Note: This enables the receiver to correct

a channel inversion.) Three command SOM franes with an appropriate X val ue
shall be sent next, followed by three FEC control SOM frames with an X

val ue of 254 signifying that FEC will not be used. Stuffing shall be

i nserted as needed, before and after the FEC control SOM franes. The

facsimle data shall start with an EOL code word no | ess than two seconds

*

and no nore than three seconds after the end of the third control SOM
frane. At the end of the nessage, the facsimle data stream shall end
with at |least two contiguous RTC signals. Followi ng RTC, an EOM shal
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TABLE VII. X values with corresponding binary designator.
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signify the end of the current transm ssion. Stuffing should be inserted
as required between RTC and EOM

5.2.5.2.2 Conpressed, FEC used Figure 6 illustrates the signaling
sequence for the conpressed node with FEC. The data conmmuni cati ons channe
shoul d be established as described in paragraph 5.2.5.2.1. Inverted Scode
words shall be sent as defined in paragraph 5.2.5.2.1. Three command SOM
franmes with an X value of nine shall then be sent followed by three FEC
control SOM frames with an X value of 255 to synchronize the FEC system The
insertion and timng of the start of facsinile data shall be as in

* paragraph 5.2.5.2.1. At the end of the nessage, the facsinmile data shal
end with at least two RTC signals. To allow freedom of inplenmentation, EOM
shall be sent both before the end and after the end of FEC coding. To ensure
that the first EOM can be decoded correctly, the FEC bl ock containing the
final bit shall be transmitted in full. Stuffing bits should be inserted as
requi red between RTC and EOM The second EOM (outside of FEC) shall not com
mence earlier than 500 nsec after the end of the FEC bl ock containing the
final bit of RTC. Further signaling may then commence i mediately after the
second EON.

5.2.5.2.3 Unconpressed. Figures 7 and 10 illustrate the signaling for the
unconpressed mode. The data communi cati ons channel shall be established as
described in paragraph 5.2.5.2.1. Sixteen inverted S code words shall be
sent followed by three coomand SOM frames with an X value of 41. Facsinile
data shall follow no less than two seconds and no nore than three seconds
* after the end of the last conmand SOM At the end of the nmessage, the
facsim |l e data stream shall end with two seconds of SI code words. Further
signaling may commrence inmediately after the $ code words. \Whenever the
recei ver does not detect EOMwithin fifteen seconds after the last |ine
synchroni zati on code, the receiver shall assune that the transni ssion has
term nated and proceed as if it had received an EOM

5.2.5.3 Handshake node protocols  This subparagraph provides the details
of the handshaki ng protocol s needed for interoperation in the handshake node.
Figure 4 shows the X val ue assignnents for the handshake SOM (HSOM) frane.

5.2.5.3.1 Tinming. Timng in the handshake node is nore conplicated

because the sending station shall interrupt transmi ssion after sending the
command SOM franmes to |listen for an acknowl edgment. The FEC control SOM
franmes shall be sent after the recei pt of acknow edgnent. Figures 8 and 9
illustrate the timng required to transmt HSOM (with FEC enabl ed or disabled
respectively) when the receiving equipment's transnitter is in the standby
node. Figures 11 and 12 illustrate the tinmng required to insert the HSOM

within a line of facsinmle data when the receiving unit is also transmtting
dat a.

5.2.5.3.2 Format. The signal format for the handshake node shall be the
same as described in subparagraph 5.2.5.2.1 up to the end of the third
command
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Signal timing, handshake mode, FEC used.
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SOM frame. At this point the transmitter shall prepare to receive an

acknow edgnent . The signal format of the receiver response acknow edgi ng
HSOM shal | be the same as the command SON except for the X values defined in
table VII. The binary value allocations for the response SOM franme shall

be as shown in figure 13.

5.2.5.3.3 Acknow edgnent. When satisfactory acknow edgnment is received in

a period extending fromtwo to fifteen seconds fromthe end of the first
command SOM franme, then the transnmi ssion of facsimle data, including the FEC
control SON frames, shall commence no | ess than two seconds after the detection
of a response SOM frame or no nore than three seconds fromthe |ast response
SOM frane.

* 5.2.5.3.4 Response. Wen a response SOM frame is not received within the

* defined period (see subparagraph 5.2.5.3.3), or if a response SOM i s

* received which is not a positive acknow edgenment SOM the equi pnent shall

* return to a node in which it is ready to respond to command SOM franes.

* Simlarly, if a facsimle Iine synchronization code has not been received

* within 15 seconds after transmitting the final response SON frame, the

* receiver shall return to the node where it can respond to command SOM franes.

5.2.5.3.5 End of nessage. The end of message signal format is the sane
as in subparagraph 5.7.5.1.3 or 5.2.3.2.5.

* %

5.2.5.3.6 Full duplex. Full duplex operation is optional. When operating

in full duptex and a transmission is being sent in the opposite direction, the
response SOM shall be inserted in the data streamat the end of a line (or a
line pair) of data prior to fill and the line synchronization code word.

* % %k Ok

5.2.5.4 Extended protocols. Some equi pment may require additional protocols
for the exchange of status and capabilities in excess of those covered by
this standard. Bits 0, 1, and 2 of the Command SOM are reserved for Gay
Scale Definition in those additional protocols. Bit 6 is “0O in all SOM
frame designators defined herein. Wen set to “1” bit 6 will identify the
use of an extended protocol involving the transm ssion of further SOM franes
containing additional information. |In all of these SOM franmes, bit 6 wll

be set to “1.” The precise code allocations for such a protocol are not at
present a concern of this standard.

* % 3k X X X X %

5.3 Type Il facsimle equipnment.

5.3.1 |lmage paraneters. The image paraneters |listed in subparagraph 5.2.1
apply to the type Il facsimle equiprment. The Type Il facsinile equipnent
shal |l inplenent the nedium and high resolutions. The lowresolution is
optional. The minimmtransm ssion time of any scanned |ine pair shall be
40 nsec for all conpressed Gray scal e nodes; and 20 nsec per line for all
bl ack and white, and unconpressed Gray scal e nodes.

* % 3k X X X
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FIGURE 13. Value allocations for the response SOM frame.

5.3.2 Black and white operation All Type Il facsinile equipnment shall be
capabl e of being operated as Type | black and white facsimle equi pment. All
of the requirenents of paragraph 5.2 shall apply.




5.3.3 Gay scale operation In addition to black and white operation,

Type Il facsimle equi prents shall be capable of transmitting and receiving
* in 4, 8, and 16 shades of gray. The scanned dynanmic range (RJ/Step 16 to
Paper White/Step 1) shall be selected and the linear distribution of steps
bet ween these two shall be determined by the fractional values of table VIII

The recorded dynami c range (D,/ Step 16 to Paper Wiite/Step 1) shall be
determ ned by the reprographic process capability. The distribution of steps
over the dynamic range is deternmined by the fractional values of table VIII
Recorded gray shade val ues shall be in accordance with table I X. (Note: The
separation of this specification for the scanner and recorder allows a different
dynam c range capability for each.)

5.3.3.1 Gay-coding the Gray scale Gray scale shall be processed by

initial conversion of each picture elenment of the scanned signal to a four

bit, Gray-code data unit (inage data) representating one of the 16 shades of

gray. A Gray-code in accordance with table |IX shall be used so that a

m ni nrum nunber of transitions occur between adjacent gray |levels. Gray-coding

applies to all three image codi ng nodes (unconpressed, conpressed, and
compressed with forward error correction).

5.3.3.2 Bit plane encoding the Gray scale After Gray-coding the data
shall be processed as bit planes. The nost significant bit (MSB) plane
contains the MSB of each Gray-coded pel. Sinmilarly, plane two shall contain
the next nost significant bit of each Gray-coded pel. (Note: Each plane,
consi sting of black and white pels, can be treated as a black and white
i mge.) For 16 gray shades, the four bit planes shall be passed directly to
the transm ssion process. For eight gray shades, bit plane four shall be
di scarded by discarding bit four and the remaining three bit codes repre-
senting eight gray shades shall be passed to the transmni ssion process.
Simlarly, for four gray shades, plane three shall be discarded in addition
to plane four. The remmining two bit codes represent four gray shades as
shown in table I X

* 5.3.3.3 Gay scale transnission See Appendix B for general information
(including block diagrans) relating to the nmodul ar make-up of the facsinile
transnmitter and receiver. Three output nodes shall be avail abl e:
(1) Unconpressed facsimle data with line synchronization codes added:
(2) Conpressed facsimle data using a two-di nensional algorithm and
(3) Conpressed as in (2) with the addition of FEC using a BCH code and bit
interleaving buffer. The schenme selected for a given transmni ssion shall be
signaled to the receiver. This signaling protocol shall be the sane as
covered in subparagraphs 5.2.5.2 and 5.2.5. 3.
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TABLE VIII.

STEP
NUMSER

NORMALIZED
DENSITY

——
PAPER WHITE

D MAXIMUM

W®IAND W

0.000
0.067
0.133
0.200
0267
0.313
0.400
0.467
0.533
0.600
0.667
0.733
0.800
0.867
0933
1000

Normalized Gray scale shades.

TABLE IX. Gray-codes for 4, 8, and 16 gray shades.
16 SHADES 8 SHADES 4 SHADES
STEPS | GRAY CODE | STEPS | GRAY CODE | STEPS | GRAY CODE
1 0000 1 000 1 00

2 0001
3 o011
4 0010 4 001
s 0110
6 0111 6 o1 6 01
7 0101
8 0100 8 010
9 1100
10 1101 10 110
1 1M
12 1110 12 11 12 1
13 1010
14 1011 14 101
18 1001
16 1000 16 100 16 10




5.3.3.3.1 Unconpressed. Unconpressed facsinile data shall be transmitted
pel - by-pel per bit plane, with logic 1 representing black. Each scan |ine of
t he output data shall consist of a synchronization code followed by 1728 pels
of the MSB plane followed by the 1728 pels of the next MSB planes in order
until all bit planes of the line have been transnitted. (Note: Each bit
pl ane is made up of black and white pels. The first bit plane contains
the nost significant bits of each gray encoded pel, the second bit plane
contains the second MSB of each gray encoded pel, and the follow ng bit
pl anes are made up in a correspondi ng manner.) The synchroni zation codes
shall consists of a sequence of two code words designated § and are
identical to the codes utilized for Type | facsinile unconpressed
* transm ssion. See Appendix B for exanples of the format used to transmt
facsimle data with nultiple gray shades.

5.3.3.3.2 Conpressed. Conpressed facsimle data shall be transnmitted after
conpr essi on by using a two-di nensi onal procedure.

5.3.3.3.2.1 Conpressed data format. A line pair of conpressed data (shown in

figure 14) shall be conposed of a series of variable | ength code words

forming the bit planes (designated R through P,) representing the first

864 picture elenments of each of the two adjacent horizontal scan lines

(1728 total), followed by the second 864 el enents of the two adjacent hori
zontal scan lines. Each half line pair of the output data shall consist of

the bit planes in order (MSB plane first), each bit plane separated by a
synchroni zati on code word, EOL (000000000001). (Note: It is a unique code

word that can never be found within a valid |line pair of data. Therefore,
resynchroni zation after an error burst is possible.)

* 5.3.3.3.2.2 Scan line pair. Each half line pair of output data shall be

preceded by a three bit auto resolution code word (see subparagraph 5.3.3.3.3).
The relative placenment of the BOLP and BILP code words, auto resol ution

signaling bits, encoded data, EOL, RTC, and fill shall be as illustrated in

figures 14 and 15. (Note: Transmi ssion of 16 gray shades is shown. For the

transm ssion of fewer gray shades, the appropriate bit planes and preceding
ECL are not present.)

5.3.3.3.2.3 Wbbbled scan lines. The two adjacent scan |ines of data shal

be "wobbl ed" on a bit plane by bit plane basis prior to variable-length
encodi ng, by conmbining the spatially related data bits per bit plane in a wobble
fashion as illustrated in figure 16. (Note: L,, L, L., etc.,

represent the sequentially scanned bits derived fromline N, and L, L,,

L,;, etc., represent the sequentially scanned bits derived fromline N + 1.
Thi s produces a conbi ned out put of:

Llll L21' L22! L121 L131 L23! L24' L14, etc.
The purpose of this wobble pattern is to take advantage of both horizonta

and vertical correlations of adjacent pels. This |leads to a higher
conpr essi on
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than can be achi eved when one scan line (thus one di mensional coding) is
processed at a tine.)

5.3.3.3.2.4 Variable length code words. Each of the variable |Iength code
words shall represent a run-length of either all white or all black in a bit
pl ane. \White and black runs shall alternate. |In order to ensure that the
receiver maintains color (black and white) synchronization, each of the bit
pl anes for each half of the data line pair shall begin with a white run-length
code word. If an actual half data |line of a bit plane begins with a black
run, a white run-length of zero shall be sent first. Black or white run-
l engths, up to a maxi num | ength of one half scan line pair (1728 bits) shal
be defined by the table Ill term nating codes and table |V nake-up codes for
each bit plane presentation of the inmage.

5.3.3.3.2.5 Run-length representation Each run-length shall be

represented by either one term nating code word, or one nake-up code word
followed by a term nating code word. (Note: Each bit plane represents a

bl ack and white i mage and four inmages conprise a total gray shade i mage.)

Run-lengths in a range of 0 through 63 pels shall be encoded with their
appropriate termnating code word. Run-lengths in the range of 64 through

1728 pels shall be encoded first by the nake-up code word representing the

run-length which is equal to or shorter than that required. This shall be
followed by the term nating code word representing the difference between the
required run-length and the run-length represented by the make-up code.

5.3.3.3.3 Auto resolution Mans shall be provided to inplenent a half
(low) resolution function, on a selected bit plane basis to increase the
achi evabl e conpression. (Note: This takes advantage of the fact that not
all regions of a Gray scale imge contain high resolution information. Lower
order bit planes have little effect on the perceived resolution and, as a
consequence, may be transmitted at a | ower resolution in regions of slow
intensity variations.) Bit-plane activity shall be determ ned and | ow
resol ution operation shall be automatically applied on a half scan |line pair
(bit plane) basis when the nunber of transitions of a given bit plane is |ess
than 60. (Note: The nunber of transitions is not an issue of interoperability
and a threshold of sixty is a suggested inplenentation *nunber.) (Note: The
total number of decoded pels for a line pair with *auto resolution is 432
decoded pel s before expanding for use by the *recorder.)

5.3.3.3.3.1 Auto resolution algorithm The auto resolution algorithmis
ustrated in table X. When half resolution processing is applied, a
majority |ogic decision shall take place for each bit-plane group of four
bits (L, L, L5 etc.) being read in prior to run-length encoding. The
process shall create a single bit which represents the average of the four
bits.

5.3.3.3.3.2 Transmitter. The transmtter perfornms a mpjority logic deci-
sion such that if three or four bits are black, a black bit shall be



TABLE X.

Bit plane vs auto resolution function.

Auto Resolution Algorithm
8it Plane 16 Gray Shades 8 Gray Shades 4 Gray Shades
1 (MSBP) Not invoked Not invoked Not invoked
2 Automatic decision Automatic decision Automatic decision
3 Automatic decision Automatic decision Discard
4 (LS8P) Low resolution Discard Discard
Always invoked
TABLE XI. Auto resolution - signaling codes.
16 Gray Shades 8 Gray Shades 4 Gray Shades
|_Code | Meaning Code Mesning Code Mesning |
110 HHHL 110 HHH oo e
100 HHLL 100 HHL 100 HH
000 HLLL 000 HLL - 000 HL
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substituted for the group of four. |If zero, one, or two bits are black, a
white bit shall be substituted for the group of four.

5.3.3.3.3.3 Receiver. The receiver shall expand each black data bil, or
white data bit, received into four identical bits prior to processing the
data stream for use by the recorder.

5.3.3.3.3.4 Signaling the auto resolution nmode Auto resolution processing
shall be signaled to the receiving unit on a half scan |line pair basis by
precedi ng each half scan line pair, as shown in figure 14, with one of the

three bit codes of table XI. |If the first bit (as a consequence of nmajority

| ogic decision) of a half scan |line pair bit plane is black, a white run-
I ength of zero shall be sent prior to the coded half line pair of bit plane
dat a.

5.3.3.3.3.5 Bedginning of line pair (BOP). The BOLP code word shall

precede each line pair of coded data (see figure 12). (Note: This is a

uni que code word than can never be found within a valid half line pair of

coded data. Therefore, resynchronization after an error burst is possible
(BOLP = 00000000000000010).)

5.3.3.3.3.6 Beginning of intermediate line pair (BILP) The BILP code

word shall precede each (right half page) half line pair of data (see

figure 14). (Note: This is a unique code word that can never be found

within a valid half line pair of coded data. Therefore, resynchronization
after an error burst is possible (BILP = 00000000000000011).)

5.3.3.3.3.7 Fill. A pause nay be placed in the nessage fl ow by

transmitting fill. Fill shall be inserted between a line pair of data and a

BOLP but never within the bit planes. Fill shall be added to ensure that

each line pair of data, fill, BOLP, and HSOM (when sent) exceeds the mini mum

transmission tine of a total scan line pair. The mninmm scan |ine
transmission time shall be 40 nsec for all conpressed Gray-scal e nodes and

20 msec for all black/white and unconpressed Gray-scal e nodes (see

figure 14). (Note: The maxi mumtransm ssion tinme for a single line pair is
bounded by the Iinmts set for the | oss of synchronization check. See
subparagraph 5.3.4.)

5.3.3.3.3.8 Return to control (RTC). The end of a nessage transmi ssion

shall be indicated by sending at | east two RTC code words. Each RTC shal
consi st of six consecutive EOLS. Following the RTC signals, the transmtter
shall send the post-nessage conmands. (RTC = EOL code word 000000000001
repeated six tines.)

5.3.3.3.4 Conpressed with forward error correction (FEC) Since each bit
pl ane of a Gray-scale inage is in itself a black and white imge, the
requi rements for channel coder and decoder, bit interleaving buffer, and
synchroni zati on techni ques described in subparagraph 5.2.3.3 shall apply.




5.3.4 Loss of facsinile synchronization The Type Il facsinile shall be
capabl e of detecting | oss of synchronization. The technique used shall be
the same as for Type | facsinile (see paragraph 5.2.4).

5.3.5 Signaling protocols. The protocol signal structure shall be identica
to the protocol signal structure used for Type | facsinile equi pnment (see
paragraph 5.2.5).

5.3.5.1 Synchronization code words. The synchroni zati on code words to be
used for Type Il facsimle equi pment shall be identical to the words used for
Type | facsinmile equipnent (see subparagraph 5.2.5.1.1).

5.3.5.1.1 Start of nessage (SOM. Each SOM franme shall consist of two
pairs of synchronization code words $ S, and S, S;,, the pairs separated by
several (X) clock periods. The node shall be indicated by the number of clock
periods (X) between the two pairs of synchronization code words. The
15 values of X that shall be used are shown in figure 4. (Note: The polarity
of the bits in the Xinterval is irrelevant as it is the count of clock
i ntervals between pairs of synchronization code words whi ch designates the
node.) The data bits transmitted in this interval shall be all 1s. The SOM
frame shall be transnmitted three tinmes, but detecting any one frame at the
receiver shall be sufficient. Uses of these signals are covered in sub-
paragraph 5.2.5. 2.

5.3.5.1.2 End of nessage (EOM. EOM shall consist of at least 16 S code
words transnmitted in sequence. When four consecutive $ code words have been
detected at the receiver, EOM shall be declared. This procedure shall be
identical to Type | facsinile equipnent as covered in subparagraph 5.2.5.1.3.

5.3.5.2 Signaling sequence and timing The signaling sequences and tim ng
procedures for conpressed node, with and wi thout FEC, and the unconpressed
node shall be identical to signaling sequences and tim ng procedures described
i n subparagraph 5.2.5.2.

5.3.5.3 Handshake node protocol. The handshake node protocol shall be
identical to the protocol presented in subparagraph 5.2.5.3.

5.3.5.4 Extended protocols. See subparagraph 5.2.5.4 for methods that nmay
be used when an exchange of status signal not covered in this standard needs
to be inplenented for Type |l facsinmle equipnent.




* % 3k X X X X %

L .

* % %k Ok

6. NOTES

(This section contains information of a general or explanatory
nature that may be hel pful, but is not mandatory.)

6.1 Subject term (key word) listing The follow ng key words and
phrases apply to ML-STD 188-161

bit plane

code word

conmpr essed node
facsim |l e synchronization
Gray code

Gray scale

group three facsinile
handshake node

i mage codi ng

mlitary standard
non- handshake node

scan |ine

signal i ng protocols
STANAG 5000

type | facsinmile
type Il facsinile

unconpr essed node
wobbl ed scan

6.2 |International standardization agreenent. Certain provisions of
this standard are the subject of international standardization agree-

ment STANAG 5000. When change notice, revision, or cancellation of
this standard is proposed that wll nodify the international agreenent
concerned, the preparing activity will take appropriate action through

i nternational standardization channels, including departnental stan-
dardi zati on offices, to change the agreenment or make ot her appropriate
accomuodati ons.

6.3 Changes from previous issue The margins of this standard are

mar ked with asterisks to indicate where changes fromthe previous issue
were made. This was done as a convenience only and the Government assumes
no liability whatsoever for any inaccuracies in these notations. Bidders
and contractors are cautioned to evaluate the requirenments of this docunment
based on the entire content irrespective of the marginal notations and
relationship to the last previous issue

6.4 Facsinile equipnment configurations To ensure end-to-end DOD

i nteroperability, this docunent mandates standards for Type | and/or
Type Il (digital output), and CCITT G oup 3 (analog output) facsimle
equi pment. Al t hough other facsimle equi pmrent designs and
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configurations exist, such as CCITT Goup 3 (nodified to have a digital
out put), these nonstandard configurations are not reconmended and coul d
cause interoperability problens.

6.5 Additional nonstandard features Commercial facsinle equipnent
provi des many nonstandard features beyond those specified in this
standard. Exanmples of such features are:

Mul ti page capability with interpage acknow edgenents.
Gray scal es of various |evels.

Hi gh resol ution.

Confirmation reports.

Term nal identification.

CCI TT Group 4 protocols.

| SDN i nterfaces.

Q"0 Q0 TD

Commercial ly avail abl e nonstandard features may be specified by the
procuring authority, provided that the interoperability require-
ments of this standard are maintai ned.

6.6 Milti-page transm ssions. Milti-page transnissions are

accompl i shed by repeating the single page signaling sequence and
timng. The receiving facsinile shall be capable of accepting the
preanbl e for the next page's transmission i mediately after the final
bit of the preceding page's final EOM for exanple, see figures 5, 6,
7, 8, and 9 for the point marked, "EARLIEST START OF SI GNALI NG "

6.7 DOD/Industry cooperation Late in the developnent of this
standard, the Tel econmuni cations | ndustry Association established an ad
hoc conmittee for ML-STD-188-161( ). DOD is represented on this
commttee, which will address inprovenents to standards for DOD
facsimle equipnent. It is expected that this effort will result in
enhancements to the capabilities of future DOD facsinile equipnent and
provide significantly inproved interoperability between DOD, the
Federal Governnent, and ot hers.
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ABBREVI ATI ONS AND ACRONYMS

Thi s appendi x contains general information
in support of ML-STD-188-1618. Appendix Ais
not a mandatory part of this standard.



Abbrevi ati ons and Acronyns

BCH - Bose Chandhuri Hocquenghem code, a cyclic code

BER - Bit Error Ratio

Bl LP - Begi nning of Intermediate Line Pair

BOLP - Begi nni ng of Line Pair

CaTT - I nternational Tel egraph and Tel ephone Consultative Committee

COVSEC - Communi cati ons Security

OCA - Def ense Communi cati ons Agency

DCE - Data Circuit term nating Equi pment

DCS - Def ense Communi cati ons System

DOD - Depart nent of Defense

DODD - Depart nent of Defense Directive

DODI SS - Depart nent of Defense | ndex of Specifications and
St andar ds

DTE - Data Term nal Equi prment

EMSEC - Emanati ons Security

El A - El ectronic Industries Association

EOL - End of Line

EOM - End of Message

FAX - Facsimle

FEC - Forward Error Correction

HSOM - Handshake Start of Message

JCS - Joint Chiefs of Staff

LSB - Least Significant Bit
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MODEM

NACSI M

NATO

NMCS

PN

RTC

SOM

STANAG

Most Significant Bit

Modul ai or - Denodul at or

Nat i onal COMSEC/ EMSEC | nf or mati on Menorandum
North Atlantic Treaty Organization

National Mlitary Command System

- Pseudor andom Noi se

Return to Control

Start of Message

St andar di zati on Agreenment (NATO)
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APPENDI X B

SUGGESTED | MPLEMENTATI ONS FOR
DI G TAL FACSI M LE

Thi s appendi x contains general information
in support of ML-STD-188-161B. Appendix B is
not a mandatory part of this standard.



10 GENERAL
10.1 Scope. Tutorial information related to digital facsimle.

20 REFERENCE DOCUMENTS

STANAG 5000, Interoperability of Tactical Digital Facsimle Equipment.
30 DEFI N TI ONS
Not applicabl e.

40 GENERAL REQUI REMENTS

40.1 The facsimle shall be inplenented with the |atest technol ogy that
is available within reasonabl e cost and tinme constraints.

50 SPECI FI C REQUI REMENTS

50.1 Transnitter. The general nake up of the facsimle transmitter is
shown in block dtagramformin figure 1-B. [Illustrated are the three
outputs: lead A for the unconpressed node, |ead B for the conpressed
node, and lead C for the conpressed with forward error correction node.
These outputs are in agreenent with the NATO needs as covered in
STANAG 5000.

50.2 Receiver. The general make up of the facsinmle receiver is

illustrated in block diagramformin figure 2-B. The unconpressed node,
compr essed node, and conpressed with forward error correction node are

shown. The node inputs are depicted by points A, B and C respectively.

50.3 Encoder. Figure 3-B illustrates an inplenentation of the BCH
encoder using a feedback-shift-register. The length of the feedback-
shift-register is 12 bits according to the generator polynom al shown
in the figure. During one cycle of 63 clocks, one block of data is sent
at the output of the BCH encoder. At the beginning of the cycle the
contents of the feedback-shift-register (r, ..., r,) are equal to O.
Initially 51 information bits are transmitted fromthe data input to the
output. At the sane time the information bits are running into the
feedback | oop of the shift register (G = 1). After 51 clocks the
contents of the feedback-shift-register (r, ..... , r;) are transnmitted
with 12 clocks G = 0. These 12 bits are the check bits for the bl ock
of 63 data bits. After every cycle of 63 clocks, the contents of the
f eedback-shift-regi ster should be zero (r, ..... , r,, = 0). The next
51 information bits can then be encoded.
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UNCOMPRESSED
DATA > A
FORMA TTING
> 8
CHANNEL INTER-
Facsmt L1 sousa -l- INCOOIR  fommaed  LEAVING  |—ep C
SCANNER ENCOOIR SCHCODE euren
- w

v
FORWARD ERROR CORRECTION

FIGURE 1-B. Block diagram of the encoder.

UNCOMPRESSED
1 DATA + A
RECONSTITYNION

B

™ souncs CHANNIL INTER-

CmmLL —I-t " LEA
RECORDIR OECOOIR :‘:::‘" | .u,,":: —C
- g

v
FORWARD ERROR CORRICTION

FIGURE 2-8. Block diagram of the decoder.
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50.4 Decoder. Figure 4-B illustrates an inplenentation of the BCH
decoder. The BCH- decoder uses the sane feedback-shift-register as the
BCH- encoder, plus a 63 bit buffer menory (shift register) and a network.
One conpl ete decodi ng cycle consists of 126 clocks (2 X 63). At the
begi nning of every cycle the contents of the feedback-shift-register

(rop -v... , r;) must be equal to 0. The clock appears at the sane tine
to the feedback-shift-register and the 63 bit buffer nenory. During
the first 63 clocks, the block of 63 data bits are witten into the

63 bit buffer nenory and at the sanme tine run into the feedback | oop of
the shift-register (G = 0). During the next 63 clocks.(G = 1) the
transmi ssion bit errors are corrected, if there are any. The contents
of the feedback-shift-register (r, ..... , r;;) are analyzed after every
clock by the error detection network. |If the network detects any one

of the 12 bit patterns (syndromes) listed in table V (see

subparagraph 5.2.3.3) as the contents of the feedback-shift-register,
when the position of a transmission bit error is found to be at the

out put of the 63 bit buffer memory. At that tinme the output of the
network will correct the transmission bit error by sending a 1 to the
nodul o 2-adder at the output of the 63 bit buffer nenory. Note that only
the first 51 bits are information bits. After every cycle of 126 clocks
t he feedback-shift-register nust be reset to zero (g, ..... , = 0)

and the next block of 63 data bits can be encoded.

50.5 Scan line data format. The scan line data format (code words plus
data) for 16 gray shades, in the unconpressed nmode is:

Pl ane 1 Pl ane 2 Pl ane 3 Pl ane 4
S S, | 1728 bits 1728 bits 1728 bits 1728
bits

The scan |line data format for 8 gray shades (unconpressed) is:

Pl ane 1 Pl ane 2 Pl ane 3
SO S0| 1728 bits 1728 bits 1728
bits

The scan |line data format for 4 gray shades (unconpressed) is:

Pl ane 1 Pl ane 2

so so| 1728 bits | 1728 bits |
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The general format for scan line data is a pair of §$ code words

foll owed by the number of bit

pl anes needed to convey each Gray shade

bei ng used. Table |I-B presents exanples of the information makeup of

unconpressed, nmediumresolution scan |ine data.

TABLE 1-B. Examples of the information makeup for uncompressed, medium
resolution scan line data.

Gray Shades Bit Planes Information Bits
16 4 4 x 1728 = 6912
8 3 3 x 1728 = 5184
4 2 2 x 1728 = 3456
Black/White 1 1 x 1728 = 1728

NOTE: For unconpressed facsimle data,
corresponds to the nunmber of pels in the scan line.

t he nunber

of bits in a bit

58
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Cust odi ans: Preparing Activity

Army - SC JTC3A - JT

Navy - EC
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